Concerning the mechanism of the chemical regulation of pulmonary ventilation, a number of reports have so far been published without having yet been completely solved.
Since the advance of " reaction theory " by Winterstein (1, 2, 3, 4, 5) , however, the hydrogen ion concentration of the arterial blood has been regarded as one of the essential chemical stimuli for the regulation of pulmonary ventilation. Accordingly the pulmonary ventilation responds sensitively to the shift of the arterial _pH. On the other hand, however, the change of alveolar ventilation produced by any causes other than acid base unbalance brings about the corresponding shift of blood _pH. In the present study, 1) the relation between the pulmonary ventilation and the arterial _pH in the hypercapnia and hypoxia was investigated. Though many reports concerning these subjects have hitherto been published, more reliable results were expected from the present experiments, for the _pH meter used was specially deviced suitably for the circulating arterial blood and was of selfrecording type with an accuracy of pH 0.01.
2) The effect of hypoxia on the hypercapnic hyperventilation has been studied by several authors, but no definite conclusion has yet been obtained.
Nielsen and Smith (6) emphasized the increased excitability of the respiratory center during hypoxia to interpret the enormous increase in the ventilation observed during hypercapnia accompanied by hypoxia. In the present study, this problem was investigated from the point of view of acid base balance. METHODS Crossbred dogs of 6 to 15 kg. weight and rabbits of 2 to 3 kg. weight were used as experimental animals. Anesthesia was produced by sodium pentobarbital injected intramuscularly or by dial-urethane intraperitoneally. Close attention was paid to avoid too deep anesthesia which generally caused a gradual change of the arterial H. The gas to be inspired was prepared in a fig. 1. As a rule, the arterial i)H began to lower simultaneously with the onset of carbon dioxide inhalation and reached an approximate equilibrium in 1 to 3 minutes.
The respiratory movement also showed an increase up to an equilibrium, having some time lagged behind to the fall in the arterial H . When the carbon dioxide inhalation was discontinued, the arterial pH was restored to the normal level more rapidly than the respiratory movement.
In the recovery period, a temporary rise in the arterial pH over the control level, the phenomenon called "hysteresis"
by Gollwitzer-Meier (9) , was frequently observed when the carbon dioxide concentration of inspiratory air was more than 2 to 3 per cent.
Differences of the arterial pH and the ventilation from respective control levels were estimated after the equilibrium states had been established for various carbon dioxide concentrations of the inspiratory air.
And the mutual relations between each of these differences and carbon dioxide concentration of the inspiratory air were investigated.
The relation between the decrease in the arterial pH and carbon dioxide concentration of the inspiratory air
The above mentioned relations observed in dogs and rabbits are summarized graphically in fig. 2 . As was seen in this figure, in both species , the fall in the arterial pH was observed distinctly at such a low concentration of carbon dioxide as 0.5 per cent and became more marked as the concentration of carbon dioxide was increased.
Since the fall in the arterial pH in this case is, of cause, due to an accumulation of carbon dioxide in the blood, it must be accompanied by a rise in arterial pCO2.
In the range of carbon dioxide concentration more than 2 per cent, the fall in the arterial H in rabbits seems somewhat greater than that in dogs, which suggests that the respiratory responsibility to carbon dioxide in the rabbit is lower than that in the dog.
The arterial pCO2 was estimated to increase by 1 to 3 mm Hg with the inhalation of 2 per cent carbon dioxide.
The relation between the increment of ventilation and the carbon dioxide content of inspiratory air
The data are summarized in fig. 3 , the increment of ventilation being represented as per cent of the control value on the ordinate. No apparent specific difference in the ventilatory response to carbon dioxide was seen in the range of carbon dioxide concentration less than 2 per cent, but, in the range of more than 2 per cent, ventilatory response of dogs seemed to be predominant to that of rabbits. This fact appeared to agree well with the findings shown in fig. 2 .
The broken line in fig. 3 represents the results of Sasaki (10) 
The relation between the increase in ventilation and the fall in arterial
The data estimated are summarized in fig. 4 . As can be seen in the figure, when the per cent increase in ventilation was less than 20 per cent, no de- 
B) Experiment of the inhalation of oxygen poor air
When an anesthetized dog was caused to breathe oxygen poor air, the arterial pH began to rise after a latent period of 20 to 30 seconds and reached an equilibrium in 1 to 2 minutes.
When the oxygen poor air was changed for the normal air, the raised arterial pH level returned to normal in 1 to 2 minutes. Some examples of the experiments are illustrated in fig. 5 . The relation between the oxygen content of inspiratory air and the increof the arterial pH in the equilibrium state is summarized in fig. 6 , where plotted points are found to distribute in a narrow• band slightly curving at an oxygen content of 13 to 14 per cent.
As is seen in fig. 6 . 8 ).
It is needless to say that the ventilatory response corresponding to a given shift of the arterial pH is greater in hyper- 
Discussion
In the experiment of hypoxia, the developement and the magnitude of consequent respiratory alkalosis were observed in hypoxia of various strength. As shown in fig. 5 , there was a time lag of several ten seconds between the beginning of hypoxic inhalation and the start of the change in the arterial indicating that hypoxia itself never acts as a direct stimulus to the respiratory center but as an indirect one.
It has been generally cited that ventilation does not increase until the oxygen concentration of inspiratory air decreases to 14 per cent or so. Lutz (14) , however, ascertained an average decrease in alveolar Pco2 of 2.7 mm Hg at the barometric pressure of 650 mm Hg, equivalent to an inhalation of 18 per cent oxygen.
Recently Schmidt and Comroe (15, 16) observed that ventilation did not increase until the oxygen content of inspiratory air fell to less than 18 per cent.
In our experiment, with 19 per cent oxygen in the inspiratory air the respiratory alkalosis, i.e., hypoxic alveolar hyperventilation was obviously observed.
On the other hand, respiratory acidosis , i.e. the depression of alveolar ventilation, was ascertained during the inhalation of 50 per cent or pure oxygen. Therefore, it is concluded that even in the normal air breathing the ventilation is, though slightly, under the continuous control of hypoxic stimulus.
C) HyPercaPnia under the hyPoxic condition
There have been several reports (6, 17, 18) informing that hypoxia exerts influence upon the ventilatory responsibility to carbon dioxide; however, no decisive conclusion concerning this problem has yet been obtained. The present experiments were undertaken in order to elucidate the problem from the point of view of acid base balance.
Dogs were subjected to each hypoxia, hypercapnia, and hypercapnia accompanied by hypoxia by breathing respectively three kinds of air, i.e., oxygen poor, carbon dioxide rich, and oxygen poor and at the same time carbon dioxide rich airs.
Before the start of the breathing of each abnormal air, sufficient time was taken to make a control observation.
The measurements of the arterial pH and ventilation were carried out after the respiratory equilibrium had been established.
The results of these seven experiments are represented in table 1. As can be seen in the table, the sum of the increments of ventilation produced by simple hypoxia and simple hypercapnia separately, was generally smaller than that produced by a combined effect of hypoxia and hypercapnia, each of which having nearly the same strength as the just mentioned simple one respectively. In order to investigate further this finding from the point of view of acid base balance, first, the effects of inhalation of carbon dioxide mixture ranging 2 to 6 per cent on the arterial pH and ventilation were measured under both hypoxic and nonhypoxic conditions, and found to be much more considerable under hypoxia as compared with those under nonhypoxic condition.
Ratios of the decrements of the arterial pH caused by CO2 inhalation under hypoxia of various degrees to those under nonhypoxic condition are illustrated in fig. 9 , where the ratio tended to increase with the severity of hypoxia. In other words, an accelerating effect of hypoxia upon the hypercapnic hyperventilation has a tendency to increase with the severity of hypoxia. The ratio of the magnitude of increment of ventilation to the decrement of the arterial pH in hypercapnic ventilation was nearly constant independently whether hypoxia coexisted or not, and, in some cases, was smaller in hypoxic hypercapnia than in simple hypercapnia. Fig. 10 shows the increment of ventilation per unit decrement of the arterial _pH at various degrees of the coexisting hypoxia.
According to Nielsen and his collaborater (6) , it was concluded that, in acute hypoxia, an increase in the arterial .pco2 showed an accelerating effect of the pulmonary ventilation only when the arterial Pco2 remained above a 
Concerning
the sensitivity to CO2 of the regulatory mechanism of ventilation in the hypoxic state, many reports have been published with inconsistent results.
For example, Astrom (18) concluded an decreased sensitivity to CO2 and on the other hand, Nielsen et al. (6) increased one. " Multiple factor theory" by Gray (19) was established of the standpoint which denied the interaction of chemical stimuli to the respiratory regulation. In our experiments, like Nielsen's findings, an increase in ventilation caused by hypoxia combined with hypercapnia was found to be greater than the sum of the increments of ventilation due to simple hypoxia as well as simple hypercapnia.
Namely, hypoxia and hypercapnia brought about much more increase in ventilation when they acted together than the sum of increases in ventilation when they acted separately.
But the ratio of the increment of ventilation to the decrement of arterial pH in the hypercapnic state was found to be either nearly constant independently whether hypoxia coexisted or not, or at times it was smaller in hypoxia than in nonhypoxic state.
Therefore, if carbon dioxide is regarded as a respiratory stimulus, as Nielsen did, the increase in the sensitivity of the regulatory mechanism of ventilation must be assumed in the hypoxic state.
But when the hydrogen ion concentration of the arterial blood is supposed to be a respiratory stimulus, it becomes needless to assume the increased sensitivity of respiration regulating mechanism during hypoxia, because the enormous hyperventilation observed during hypercapnia combined with hypoxia is interpreted roughly by the marked decrease in the arterial H. The reason why carbon dioxide inhalation brings about a much greater fall in the arterial pH in hypoxia as compared with (20) , which illustrates the relationship of pco2 and pH of oxygenated blood. In hypoxia, as the blood pco2 is kept low as a result of the hyperventilation, a given increase in of the blood results in much more fall in the blood n than in nonhypoxic state.
SUMMARY

Measurements
were performed on the arterial _pH and pulmonary ventilation in rabbits and dogs under the conditions of hypercapnia, hypoxia and hypercapnia combined with hypoxia. The following results were obtained: 1) When an increasing amount of carbon dioxide was added to the inspiratory air, the _pH level of the arterial blood did not fall at all until the carbon dioxide content of the inspiratory air reached 0.5 per cent or the increase in ventilation amounted to 20 per cent of the control value.
2) Ventilatory response to hypercapnia was more marked in dogs than in rabbits.
This specific difference became more evident with the severity of hypercapnia.
3) When the oxygen content of the inspiratory air was as low as 19 per cent, the respiratory alkalosis was clearly observed, indicating the occurence of alveolar hyperventilation.
On the other hand, when the oxygen content of the inspiratory air was raised to 50 or 100 per cent, the respriatory acidosis was clearly observed as a result of depressed alveolar ventilation.
These facts indicate that even in the normal air breathing, hypoxic stimulus has a continuous controlling effect upon the ventilatory regulation. 4) An increase in ventilation produced by the co-operation of hypercapnia and hypoxia was found to be much greater than the sum of increases produced by each of them individually.
In other words, CO2 inhalation produced a more pronounced acceleration of ventilation under hypoxia than uuder the nonhypoxic condition.
The lowering of the arterial pH due to CO2 inhalation, however, was much greater in hypoxia than in non-hypoxic condition. The ratio of a ventilatory increment to a decrement of the arterial H brought about by CO2 inhalation received either no or slightly reducing effect of the coexisting hypoxia.
Judging from these findings, if the decrease in the arterial pH can be regarded as a respiratory stimulus, it may be concluded that the excitability to CO2 of the regulatory mechanism of ventilation is either maintained constant regardless of the coexistence of hypoxia or slightly lowered by hypoxia.
